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The present application is a continuation-in-part of 
application Serial No. 08/109,286 filed August 19, 1993, 
5 which is incorporated by reference herein in its entirety. 

1. FIELD OF TNVBITPIOM 

The present invention relates to the methods of 
producing soluble forms of melanin polymers and to topical 
10 compositions useful for providing a substantive, natural- 
appearing tan, in a variety of colors to mammalian skin and 
protecting the skin from the harmful effects of ultraviolet 
radiation. 

15 2. BACKGROmro OF THE THVBMTIOM 

It is well established that the incidence of melanoma 
and other cancers of the skin is on the rise and that solar 
radiation, particularly that in the ultraviolet (UV) range, 
is a major causative factor. Pawelek et al. , 1992, Molecular 
20 Cascades in UV- induced Melanogenesis: A central role for 
melanotropins? , Pigmant Cell RBSsarch 1:348-356. The 
sensitivity of the human skin to UV exposure is determined by 
the amount of pigment melanin contained within the skin. In 
this regard, individuals with high skin melanin content are 
25 less likely to suffer from skin cancers and other damaging 
effects of sunlight, for example, wrinkling, solar lentigines 
and premature aging of the skin characterized by wrinkling 
and yellowing of the skin, cracking, telangiectasis (spider 
vessels) , solar keratoses (growths) , ecchymoses (subcutaneous 
30 hemorrhagic lesions) , and loss of elasticity (sagging) . 

Public awareness of these facts has led to an increased 
usage of sunscreens that protect the skin from UV radiation. 
Sunscreens are now included in a diversity of personal care 
products, particularly cosmetic-type products which are worn 
35 on a daily basis. The active ingredients of most of these 
sunscreens do not impart a tan to the skin. However, many 
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individuals who use sunscreens also desire to have tan- 
appearing skin. 

There are a variety of agents available which provide a 
tan color to the skin, but few, if any, of these provide 
5 significant protection from UV-induced damage to the skin* 
For example, dihydroxyacetone (DHA) provides color through a 
reaction with specific amino acids in the stratum corneum. A 
drawback of this type of product is that it results in uneven 
coloration. In addition, DHA provides little, if any, 

10 protection from ill-effects of excessive UV exposure. 

Related products in the field include artificial tanning 
compositions comprising melanin precursors or melanin 
precursor- like materials. These products do not contain 
natural or synthetic melanins. For example, some 

15 compositions achieve only superficial external tanning 

results which are readily removed by rinsing with water or 
rubbing with a towel. Wolfram et al., U.S. Patent No. 
4,948,497. Other compositions contain a melanin precursor 
and a tyrosinase enzyme in a cosmetic base. Herlihy, U.S. 

20 Patent No. 4,515,773 and Gaskin, U.S. Patent No. 4,806,344. 
Some pre-formed melanins, either synthetic or natural, are 
subjected to a variety of chemical procedures that modify the 
color of these melanins. Ahene and Chedekel, U.S. Patent No. 
5,188,844. However, these procedures required pre-formed 

25 melanins as starting materials. 

Mammalian melanins have proven difficult to study 
because they are highly insoluble and require severe 
treatments such as boiling in strong alkali, or the use of 
strong oxidants such as hydrogen peroxide, which often damage 

30 the melanins. See Prota et al., 1992, in Melanins and 

Melanogenesis, Academic Press Inc. Harcourt Brace Jovanovich, 
3-4. Thus, previous attempts at producing melanin 
compositions which are soluble at physiological pH and 
temperatures in cosmetic buffers, have met limited success in 

35 the past. 

Synthetic soluble melanins have been produced non- 
enzymatically using dihydroxyindole-2-carboxylic acid (DHICA) 
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and/or dihydroxyindole (DHI) as precursors. Pawelek et al., 
U.S. Patent No. 5,218,079; and Orlow et al., 1992, Pigment 
Cell Research 113-121. It was further shown that 
polymerization of melanins could be carried out above pH 7 in 
5 the presence of oxygen, oxidative agents such as hydrogen 
peroxide and by salts of metals such as Cu^* . U.S. Patent No. 
5,216,116. However^ the melanins produced were limited in 
their range of colors and in their substantivity or ability 
to adhere to the skin and hair. 

10 Other cosmetic melanins have been described in U.S. 

Patent No. 5,225,435 and U.S. Patent No. 5,216,116. 

Citation and identification of any reference in Section 
2 of this application shall not be construed as an admission 
that such reference is available as prior art to the present 

15 invention. 

3. gPMMMlY OP THE INVENTION 
It is an object of the present invention to provide 
improved methods of synthesizing synthetic forms of high 
20 molecular weight melanins that are soluble in aqueous 
cosmetic buffers at physiologic pH and temperatures. 

It is further an object of the invention to provide 
melanin polymers produced from precursor monomers that are 
aromatic compounds having an ionizable side group including 
25 3-aminotyrosine, 5, 6-dihydroxy indole, dihydroxyindole-2- 
carboxylic acid, 3 , 4-dihydroxyben2oic acid, 3-amino,4- 
hydroxybenzoic acid, aloin, emodin, alizarin, tyrosine, 
dihydroxyphenylalanine, 4 , 5-dihydroxynaphthalene-2-sulf onic 
acid, 3-nitrotyrosine, 3-dimethylamino phenol and p- 
30 aminobenzoic acid. 

It is a still further object of the invention to provide 
compositions and methods for the co-polymerization of a 
monomer with a co-monomer to form a synthetic melanin 
polymer. The co-monomers enhance certain properties of the 
35 resultant melanin polymer, for example, enhanced adherence to 
skin, enhanced protection from ultraviolet light and color 
modification. The co-monomers include 9 , 10-dihydroxystearic 
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acid, cholesterol, dihydroxycarbazole, aloin, emodin, 
alizarin, linoleic acid and linolenic acid. 

The present invention also relates to methods for 
producing soluble cosmetic melanin polymers using six 
5 different procedures entailing oxidation of a monomer or 

monomer-co-monomer combination: (a) in the presence of a weak 
base; or (b) in the presence of a weak base and a salt of 
Cu^* or Fe""*; or (c) in the presence of a weak base, a salt of 
Cu^* or Fe*"" and an oxidant; or (d) in the presence of a 
10 strong base; or (e) in the presence of a strong base and a 
salt of Cu** or Fe**; or (f) in the presence of a strong 
base, a salt of Cu** or Fe** and an oxidant, and precipitating 
the melanin polymer with a lower alkanol. 

The present invention relates to compositions and 
15 methods for producing soluble cosmetic melanin polymers 
having a wide variety of natural-appearing tan colors; and 
increasing the adherence of such soluble melanin polymers to 
mammalian skin. The present invention also relates to a 
composition useful for topical application comprising a tan- 
20 producing effective amount of melanin polymer to the skin. 

The present invention also encompasses production of 
soluble melanin polymers at an industrial scale. 

The present invention relates to a composition useful 
for topical application comprising a photoprotectively 
2 5 effective amount of melanin polymer to the skin. 

The present invention also relates to a method of 
inhibiting the deleterious effects of UV radiation to skin 
comprising applying a photoprotectively effective amount of 
melanin polymer to the skin. 

30 

3.1. DEFINITIONS 

As used herein, "substantive" means adhering to the skin 
and not being washed off with water and soap after 
conventional topical application of the cosmetic melanin 
35 composition to skin. 

As used herein, "topical application" means directly 
laying on or spreading on outer skin. 

- 4 - 
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AS used herein, "effective amount" means an amount of 
the melanin composition sufficient to significantly induce a 
positive modification in achieving a natural -appearing tan in 
the skin and/or protection from damage caused by UV exposure. 
5 The present invention can be more fully understood by 

reference to the following detailed description and 
illustrative examples as well as the figures which follow. 

4. MIgF DBSC ItTPTTQM OP THF. PRAWIWgP 

10 Figures 1(A) and (B) describe the chemical structure and 

spectra of representative precursor monomers used in the 
production of the present melanins. The precursors share the 
common characteristics of possessing at least one aromatic 
ring and at least one ionizable side group. Except for P- 
15 aminobenzoic acid, the precursors contain an hydroxy 1 group. 
Each of the precursors absorbs light in the ultraviolet 
spectra. Several representative precursors, i.e., aloin, 
emodin and alizarin (the latter of which is not shown in 
Figure 1), which can be polymerized into red, gold and purple 
20 melanins respectively, are also "melanin-enhancing" agents in 
that, when copolymerized with another precursor or monomer, 
they aid in penetration and substantivity of the cosmetic 
melanins to the skin. 

Figure 2 describes spectral characteristics of p- 
25 aminobenzoic acid (PABA) and a synthetic, melanin-like 
polymer of PABA. Even though PABA does not contain an 
hydroxy! moiety, it could be polymerized into a high 
molecular weight melanin-like polymer by procedures #3 (weak 
base, salt of a metal ion, oxidant) and #5 (strong base, salt 
30 of metal ion) discussed infra in Section 5.3. The dried 
powders of PABA monomer and PABA-polymers were separately 
dissolved in O.IM sodium phosphate, pH 7.4 at a concentration 
of 50Mg/ttl, and absorbance was determined in a 
spectrophotometer over the range of wavelengths shown. The 
35 melanin-like PABA polymer showed a much broader absorbance 
range than did PABA itself, demonstrating that the polymer is 
a superior absorbent of light when compared to the precursor. 
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Figure 3 describes the chenical structures of 
representative "melanin enhancing** agents used in the 
production of cosmetic melanins. Such agents can be 
copolymerized with one or more of the representative 
5 precursors in Fig. 1 to yield cosmetic melanins with enhanced 
penetration and substantivity to the skin when compared with 
melanins produced without the "melanin-enhancing" agents. 
The melanin enhancing agents are drawn from different 
chemical classes (fatty acids, steroids, alkaloids, "aloins" 

10 or "anthraquinones**) but are generally both lipophilic (or 
possess lipophilic regions) , hydroxy lated, and/or exhibit 
unsaturated double bonds. Additional enhancing agents 
include extracts of Aloe Vera and related plants that are 
rich in aloins, enodins and alizarin. 

15 Figure 4 shows the spectral characteristics of 

representative cosmetic melanins of various colors. Melanins 
were synthesized with or without **melanin-enhancing" agents 
by one of the six procedures discussed infra in Section 5.3. 
Dried melanin powders were dissolved in O.lM sodium 

20 phosphate, pH 7.4, at a concentration of 50Mg/ml and 

absorbance was determined in a spectrophotometer over the 
range of wavelengths shown. Unlike the precursors shown in 
Fig. 1, each of the melanins exhibited absorbance in both the 
ultraviolet and visible spectra. 

25 Figure 5 describes the relationship between molecular 

weights vs. absorbance (450nm) of representative melanin 
polymers of the present invention. Molecular weights were 
calculated using the elution times from a precalibrated 
molecular sieve HPLC column. Absorbance of a SO/xg/ml sample 

30 was determined with a spectrophotometer. Generally, but not 
always, there was a correlation between the degree of 
absorbance and the degree of polymerization. 



35 
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1) Natural-appearing tan colors; 

2) Adaptive to different skin/hair colorations; 

3) Natural and /or organic composition; 

4) High molecular weight polymers, free of monomers and 
5 reagents ; 

5) Ultraviolet radiation absorbent; 

6) Soluble in aqueous cosmetic buffers (e.g., 
triethanolamine, sodium phosphate) at physiologic pH and 
temperature ; 

10 7) Ease of application; 

8) Substantive to skin (water /soap resistant) ; 

9) Non-spreading from skin to clothing/ towels; 

10 ) Non-mutagenic ; 

11) Non- irritant, non-allergenic; 

15 12) Feasible industrial-scale production; and 
13) Environmentally safe. 

Although some of these criteria have been satisfied by 
previous "melanins" , no simple component has satisfied all of 
these criteria, which together constitute a complete 
20 definition of "cosmetic melanin". 

The present invention relates to synthetic melanin 
polymers that exhibit physico-chemical properties suitable 
for cosmetic applications — including natural-appearing tan 
colors, solubility in aqueous buffers at physiologic pH and 
25 temperatures, substantivity to human skin and hair, and 

protection from ultraviolet radiation. The present invention 
also relates to synthetic melanin polymers whose monomeric 
structures are composed of aromatic rings that possess an 
ionizable side group. 
30 In addition, this invention provides a series of 

distinctly different methods for the oxidative polymerization 
of melanin precursors or monomers that yield reproducibly 
different melanins, even when the same precursors or monomers 
are used as starting material. Although it is well known 
35 that melanins can be synthesized through oxidative 
polymerization of appropriate precursors such as, for 
example, dihydroxyphenyl alanine, it was not previously known 
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until this invention that different procedures of oxidative 
polymerization could yield melanins with reproducibly 
different physical characteristics such as molecular weight 
and color. 

S Nor was it known that a wide variety of compounds from 

different chemical classes can be polymerized or 
copolymerized through such procedures and that said 
procedures can thus be used together to screen for new 
melanins, polymerized from different precursors or 

10 combinations thereof. 

A key factor in the development of the above-mentioned 
cosmetic melanins was development of techniques for the 
synthesis of melanins soluble at physiological pH and 
temperature in cosmetic aqueous buffers. 

15 Thus, the present invention also relates to six specific 

non-enzymatic methods for polymerization of monomers into 
synthetic melanins. These methods can also be used to screen 
untested, monomer ic structures for their incorporation into 
melanin polymers, and thus for their potential suitability as 

20 precursors for the production of additional synthetic 
melanins . 

In addition, these methods may also be used for the 
copolymerization of "melanin-enhancing" agents into the 
melanin polymer, examples being agents that improve the 
25 properties of the melanins with regard to adherence to skin, 
protection from ultraviolet light, and color characteristics. 

The present invention also relates to methods for 
producing such melanins in industrial scale quantities. 

The present invention relates to the topical use of 
30 compositions containing synthetic melanins to impart a tan to 
the skin while, at the same time, preventing the deleterious 
effects of uv radiation to the skin in the human population. 

5.1. MONOMERIC PRECim sORB OF COSMETTg MEIAKTNg 

35 Generally, the precursors or monomers most amenable to 

polymerization have hydroxylated aromatic rings with an 
ionizable side group. The precursors share the common 

- 8 - 



BNSDOCID: <WO_9625920A1_I_> 



wo 96/25920 — — PCr/US96«»2163 



Characteristic of at least one aromatic ring and at least 
one ionizable side group (See Fig. 1) . However, even though 
p-aminobenzoic acid (PABA) is not hydroxy lated, it can be 
polymerized into melanin by two of the six procedures 
5 described below in Section 5.3. PABA is widely used as a 
sunscreen and PABA-melanin according to the present 
invention, absorbs over a broader range of the UV spectrum 
than does PABA alone (Figure 2). 

Other suitable precursors of melanin include 3- 
10 aminotyrosine, 5, 6-dihydroxyindole, dihydroxyindole-2- 
carboxylic acid, 3 ,4-dihydroxybenzoic acid, 3-amino,4- 
hydroxybenzoic acid, aloin, emodin, alizarin, tyrosine, 
dihydroxypheny lalanine , 4 , 5-dihydroxynaphthalene- 2 -sulfonic 
acid, 3-nitrotyrosine, 3-dimethylamino phenol and p- 
15 aminobenzoic acid. 

5.2. CO-MONOMER COMPOUNDS USED IN 

aYNTOEfllS OF COSMETIC MEIANIN8 

Co-monomer compounds can be copolymerized along with the 
20 precursors monomers, yielding melanins that are uniquely 
applicable to cosmetic usage. Representative examples of 
such molecules are fatty acids such as linoleic acid, 9,10- 
dihydroxy stearic acid, and linolenic acid; steroids such as 
cholesterol; and carbazole alkaloids such as 

25 dihydroxycarbazole. Examples of additional co-monomers or 
enhancing agents that can be included in the polymerization 
reactions include aromatic glycosides such as those found in 
extracts of the Aloe Vera plant, and related plants. The 
melanin-enhancing agents -aloin", emodin" and -alizarin" are 

30 known to be ingredients of Aloe Vera and related plants. In 
addition, aloin, emodin and alizarin can function both as 
melanin precursors or monomers and as melanin enhancers, in 
that when polymerized alone by the procedures of the 
invention they yield melanin polymers with gold, red and 

35 purple colors, respectively. (See Figs. 3-5). When they arc 
copolymerized with other precursors, e.g.. 



- 9 - 



BNSDOCID: <WO 9625920A1_.I_> 



wo 96/25920 



PCT/US96/02163 



dihydroxyphenylalanine (dopa) , they enhance the penetration 
and substantivity of the dopa-melanin polymer to the skin. 



5.3. 



HgTOQPS OF PRBPARINQ GOflMETTg MEIAKTKfi 



15 



Procedure 2: 



20 



5-3.1. METHODS FOR POLYMER 1 2 XT TQM QP MOKOMERfl 

The melanin polymers of the present invention are 
produced by any one of six different procedures which involve 
oxidation of a monomer in the presence of air (or oxygen) 
10 under specific conditions. For example, a monomer ic precursor 
(10% wt/vol) in water or aqueous solution, is subjected to 
oxidative polymerization as follows: 

Procedure 1: In the presence of a weak base such as 

ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM) ; 

In the presence of a weak base such as 
ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM) and a salt of a metal 
ion such as Cu*"^ or Fe*"*^; 
In the presence of a weak base such as 
ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM) , a salt of a metal ion 
such as Cu*-^ or Fe*-", and an oxidant such 
as hydrogen peroxide (about 3% vol/ vol) 
or ammonium persulfate (about 30% 
wt/vol) ; 

In the presence of a strong base such as 
sodium hydroxide (from about O.IM to 
about 4M) or potassium hydroxide (from 
about O.IM to about 4M) ; 

In the presence of a strong base such as 
sodium hydroxide (from about O.IM to 
about 4M) or potassium hydroxide (from 



Procedure 3 



25 



30 



Procedure 4: 



Procedure 5 



35 
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about O.IM to about 4M) and a salt of a 
metal ion such as Cu** or Fe**; 
Procedure 6: In the presence of a strong base such as 

sodium hydroxide (from about O.IM to 
5 about 4M) or potassium hydroxide (from 

about O.IM to about 4M) , a salt of a 
metal ion such as Cu*^ or Fe"^^ and an 
oxidant such as hydrogen peroxide (about 
3% vol /vol) or ammonium persulfate (about 
10 30% vt/vol) • 

The resultant melanin polymer is precipitated by 
addition of a lower alcohol, for example, methanol, 
isopropanol and preferably ethanol (about 2.0 volumes). 
Alternatively, acetone can be used to precipitate the 
15 melanin polymer. The precipitate is dried in air. 

5.3,2 • METHODS FOR CO-POL YMERIZATION 
OF CO-MOKOMERfl WITH MOKOMER8 

A monomer (about 6.7% wt/vol) in water or aqueous 

solution is mixed with a co-monomer (about 3.3% wt/vol) and 

subjected to oxidative polymerization according to the six 

different procedures described above in Section 5.3.1. 

The resultant melanin polymer is precipitated by 

addition of a lower alkanol, for example, methanol, 

isopropanol and preferably ethanol (about 2.0 volumes). 

Acetone also precipitates the melanin polymer. The 

precipitate is dried in air. 

5.3.3. INDUSTRIAL PRODUCTION 
OF COSMETIC MEIANIN8 

^® The procedures for oxidative polymerization of suitable 

precursors into melanins or melanin-like compounds are 
readily amenable to industrial-scale production of the 
material. A straightforward and simple synthetic route 
comprises a) using a monomer ic precursor, optionally with a 
co-monomer enhancer; b) subjecting the monomer and/or co- 
monomer to oxidative polymerization; c) concentrating the 

- 11 - 
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melanin polymer into powder; and d) formulating the cosmetic 
melanin composition using a suitable cosmetic vehicle or 
buffer. 

The procedures involve, but are not limited to, mixing 

5 one or more precursors (e.g., see Fig. 1) with one or more 

co-monomer enhancers (e.g., see Fig. 3), and subjecting the 

mixture to oxidative polymerization via one of the six 

procedures listed in Section 5.3. The resultant polymer is 

concentrated via precipitation by titration with an acid 

10 (e.g., HCl) or an alcohol (e.g., ethanol) , or by 

lyophilization or drying in air. The polymer is dried to a 

powder, and the powder is mixed at the desired concentration 

(e.g., 1% wt/wt) in a suitable aqueous cosmetic buffer (e.g., 

triethanolamine or sodium phosphate) or in a suitable aqueous 

15 cosmetic vehicle (e.g. , Avon Body Lotion) . 

The Avon Body Lotion contains the following ingredients: 

Purified Water 
Octyl Pa Imitate 
Petrolatum 
Apricot Kernel Oil 
Isopropyl Pa Imitate 
Cetearyl Alcohol 
Rice Starch 
Retinyl Palmitate 
Tocopherol 
Cholecalcif erol 
Glyceryl Sterate 
PEG-40 Hydrogenated Castor Oil 
25 Sodium Cetearyl Sulfate 

Imidazolidinyl Urea 
Triethanolamine 
Methylparaben 
Carbomer-9 4 1 
Dimethicone 

Trimethylsiloxysilicate 
Disodium EDTA 
^ Corn Oil 



The cosmetic melanins so produced are believed to 
provide protection to the skin from damage caused by UV 
radiation (skin cancers, wrinkling, solar lentigines, and 
35 premature aging of the skin) by virtue of the fact that the 
melanins strongly absorb UV light (Fig. 2 and 4) . As 
mentioned above, PABA is used extensively by the industry as 
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an active ingredient in sunscreen preparations, and it can be 
seen in Fig. 2 that melanins synthesized from PABA absorb UV 
light over a broader range than does PABA itself. In this 
regard, melanins prepared from precursors other than PABA 
5 have similar absorbance characteristics to PABA-melanin (see 
Figs* 2 and 4), and it can thus be concluded that since such 
melanins are both substantive to the skin and visible to the 
eye, they represent a significant and unique advantage over 
existing sunscreen formulations. 

10 

5.4. TOPICAL C OMPOSITIONS AND METHODS OP USE 

The cosmetic melanins of the present invention may be 
incorporated into a vide variety of product types. These 
include, for example, lotions, creams, beach oils, gels, 

15 sprays, ointments, sticks, pastes, mousses and cosmetics such 
as **make-up'* • These product types may comprise either of two 
basic types of carrier systems, i.e., solutions and 
emulsions. The term "carrier** encompasses cosmetically** 
acceptable non- irritating compatible components which are 

20 suitable for delivering the melanins to the skin. These 

carriers must of course, be sufficiently pure to render them 
suitable for chronic topical application to the mammalian 
skin. 

Compositions containing the cosmetic melanins of the 
25 present invention formulated as solutions typically include a 
cosmetically-acceptable solvent which, in addition to being 
capable of having dissolved therein the cosmetic melanin at 
physiological pH and temperature, also possesses acceptable 
safety (e.g., irritation and sensitization characteristics), 
30 as well as good aesthetic properties (e.g. , does not feel 
greasy) . The most typical example of such a solvent is 
water. Alternatively, the solvent can be an aqueous 
solution. Examples of other solvents include cosmetic 
buffers which include: triethanolamine and sodium phosphate. 
35 An example of aqueous cosmetic buffers or vehicles preferred 
in the formulation of cosmetic melanin compositions is Avon 
Body Lotion, described above in Section 5.3.3. The aqueous 
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cosmetic buffers contain from about 0.1% to 5.0%, of a 
suitable cosmetic melanin or a combination of cosmetic 
melanins and from 95% to about 99.9% of an acceptable aqueous 
cosmetic buffer or vehicle* 
5 Emulsion carrier systems may include single emulsion 

melanin preparations (such as lotions and creams of the oil- 
in-water type and water-in-oil type) or the triple emulsion 
carrier systems (such as oil-in-water-in-silicone fluid 
emulsion type) . These are well known in the cosmetic art and 

10 are useful in the present invention* 

In accordance with another aspect of the invention one 
part by weight of any of the melanins of the invention can be 
blended with about 1 to 10 and preferably about 1 to 5 and 
especially about 3 part by weight of urea, the urea enhancing 

15 penetration of the melanin into the epidermis. 

Any of the melanins of the invention can be mixed with 
one another to achieve a predetermined hue customized to a 
particular individual's skin and hair colors. 

The novel melanins can be stored as dry powders and 

20 dissolved when ready for use, or can be stored as solutions. 
In a preferred embodiment, melanins are incorporated into 
liposomes in conventional manner and such liposomes used when 
required. 

The present invention relates to methods for achieving a 
25 natural-appearing tan and protecting the skin from the 
harmful effects of ultraviolet exposure. Such methods 
comprise topical application of an effective amount of 
cosmetic melanins. The amount of cosmetic melanins and 
frequency of application will vary depending upon the level 
30 of tanning already in existence in the subject, the intensity 
of the sun exposure, and the level of tanning desired. An 
effective amount of cosmetic melanin is applied manually to 
the skin and/or hair of an individual desiring a natural- 
appearing tan . Excess material is removed by washing with 
35 soap and water. The melanin is substantive to the skin, 
i.e., it adheres to the skin. 
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6. gXMfPLgP 

The following examples further describe and demonstrate 
various embodiments within the scope of the present 
invention. The examples are solely for the purpose of 
5 illustration, and are not to be construed as limitations of 
the present invention since many variations thereof are 
possible without departing from its spirit and scope. 

In the following illustrative examples all parts are 
expressed by weight unless otherwise expressed. 

10 

€•1* EaO^PT^P IZ PREPARATION OP MEIANIMS 

Melanin polymers were produced using a variety of 
different procedures and melanin precursors. The molecular 
weights of melanin polymers produced using Procedures 1-6 and 
15 different melanin monomer ic precursors are shown in Table 1. 

Table 1 

Molecular Weights (K daltons) of Melanin Polymers 
Synthesized Using Procedures 1-6 

20 Procedures': 

1 2 3 4 5 6 

Pr?gurgors^ 



25 



30 



35 



A 


NA 


NA 


26.3 


21.2 


26.3 


23.6 


B 


27.0 


23.9 


36.2 


25.6 


36.2 


25.3 


C 


34.3 


31.7 


ppt 


ppt 


41.4 


28.5 


D 


24.3 


22.4 


33.4 


28.5 


31.7 


27.0 


E 


25.3 


25.6 


24.9 


26. 6 


32.1 


24 . 9 


F 


21.8 


21.2 


23 . 0 


23. 3 


23.6 


23.3 


6 


23.9 


25.3 


24 . 3 


24.3 


26.3 


26.3 


H 


NA 


NA 


22.4 


NA 


23.6 


NA 


I 


19.1 


22.7 


20.4 


22.4 


24.9 


23.6 


J 


25.3 


24.6 


24 .9 


24 . 6 


33.4 


21.5 


K 


ND 


ND 


14.0 


ND 


ND 


ND 


L 


ND 


ND 


ND 


ND 


ND 


ND 



NA: negligible product 
ND: Not done 
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ppt: poorly soluble in aqueous buffer, pH 7,4 

a- Procedures; 1) weak base 

2) weak base ^ salt of metal ion 

3) weak base + salt of metal ion + oxidant 

4) strong base 

5 5) strong base + salt of metal ion 

6) strong base + salt of metal ion + oxidant 

b. precursors ; A) tyrosine 

B ) d ihy dr oxypheny 1 a 1 an ine 

C) dihydroxyindole-2-carboxylic acid 

D ) 3 -aminotyr OS ine 

E) 3,4-dihydroxyben20ic acid 

F) 3 -amino, 4 -hydroxy benzoic acid 

G) 4,5-dihydroxynaphthalene-2-sulfonic acid 

H) p-aminobenzoic acid 

I) aloin 

J ) a 1 o i n-Kd ihy dr oxypheny 1 a 1 an ine 
K) alizarin (3 parts) + 

dihydroxyphenylalanine (1 part) 
L) alizarin 

The molecular weights of each of the precursors and/or 
enhancing agents are all less than 1 kilodalton, whereas the 
molecular weights of the polymerized melanins average between 
10-40 kilodaltons or higher. It can be seen from Table 1 
that the same precursor can be polymerized into melanin 
polymers of different molecular weights, depending on which 
of the six polymerization procedures is used. Molecular 
weights of individual melanins were calculated via their 
elution times from a precalibrated molecular sieve column. 
These results underscore the unique usefulness of the six 
procedures in screening new precursors for their value as 
monomers in cosmetic melanin polymers. 

Likewise, the degree of absorbance in the visible 
spectrum per unit weight of melanin also differs according to 
the procedure and precursors employed in the polymerization 
reactions. In these runs, spectrophotometric absorbance at a 
wavelength of 4 50nm was used as a criterion of absorbance in 
the visible range. Absorbance of each individual melanin was 
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measured by spectrophotometric absorbance of a solution of 
melanin dissolved at 50Mg/ml of sodium phosphate, O.IM, pH 
7.4. It can be seen that even with a single precursor, the 
absorbance of the resultant melanin polymers vary according 
5 to the procedure used. The results underscore the unique 
usefulness of the six procedures in screening new precursors 
for their value as monomers and/or co-monomers in cosmetic 
melanin polymers (see Table 1) . 



10 



Table 2 

Spectrophotometric Absorbance (450nro) of Melanin 
Polymers (50Mg/ml) Synthesized Via Various Procedures 



15 Precursors" 



20 



25 



Procedures'! 
3 



A 


NA 


MA 


.275 


.084 


.308 


.170 


B 


.456 


.461 


.763 


.350 


.496 


.358 


C 


.450 


.293 


ppt 


ppt 


.457 


.457 


D 


.167 


.074 


.507 


.500 


.411 


, 343 


E 


.101 


. 100 


.194 


. 171 


.577 


.128 


F 


.145 


.291 


.733 


.757 


.930 


.445 


G 


.078 


.089 


.125 


.106 


.150 


.082 


H 


NA 


NA 


.493 


NA 


.584 


NA 


I 


.158 


.210 


.312 


.280 


.326 


.221 


J 


.261 


.223 


.302 


.373 


.217 


. 191 


K 


ND 


ND 


.388 


ND 


ND 


ND 


L 


ND 


ND 


ND 


ND 


ND 


ND 



NA: negligible product 
30 ND: not: done 

ppt: poorly soluble in aqueous buffer, pH 7.4 



35 



a. Procedures : 1) 

2) 
3) 
4) 
5) 
6) 



weak base 
weak base + 
weak base + 
strong base 
strong base 
strong base 



salt of metal ion 
salt of metal ion + 

-f salt of metal ion 
+ salt of metal ion 



oxidant 



+ oxidant 



b. Precursors : A) 



tyrosine 
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10 



5 



B) 

C) 
D) 
E) 
F) 
G) 
H) 
I) 
J) 
K) 



dihydroxyphenylalanine 
dihydroxyindole-2-carboxylic acid 
3-aininotyrosine 

3 . 4- dihydroxybenzoic acid 

3 •amino , 4 -hydroxybenzoic acid 

4 . 5- dihydroxynaphthalene-2-sulf onic acid 
p-aminobenzoic acid 

aloin 

a 1 o i n+d ihydr oxypheny 1 a 1 an ine 
alizarin (3 parts) + 



dihydroxyphenylalanine (1 part) 
L) alizarin 

In general, there was a correlation between the degree 
of absorbance (at 4 50nm) and the degree of polymerization 

15 (molecular weight in kilodaltons) . Examples of this are 

presented in Fig. 4 wherein plots of absorbance vs. molecular 
weights of various precursors are shown for melanins of 
different colors. In these examples, there is a correlation 
between absorbance and molecular weight of the polymer with 

20 each of the precursors except dihydroxynaphthalene sulfonic 
acid, whose absorbance characteristics show no correlation 
with the degree of polymerization. However, the degree of 
polymerization is generally proportional to the intensity of 
absorbance • 



Aloin (10.0% wt/vol of water) was subjected to oxidative 
polymerization via each of six different procedures as 

30 follows: 1) in the presence of NH40H(5M); 2) in the presence 
of NH40H(5M) and CUSO4 (0.6 mg/ml) ; 3) in the presence of 
NH40H(5M), CUSO4 (0.6 mg/ml) and H2O2 (3% vol/vol) ; 4) in the 
presence of NaOH (IM) ; 5) in the presence of NaOH(lM) and 
CUSO4 (0.6 mg/ml); 6) in the presence of NaOH(lM) , CUSO4 (0.6 

35 ittg/ml) and HjO^ (3%) . The mixture was stirred vigorously in 
air for 24 hours. Two volumes of ethanol were added, the 
precipitate is collected by centrif ugation, and lyophilized 



25 



EXAMPLE 2: PREPARATZON OF RED, BROWN 
AND YELLOW COSMETIC MEIANIMfi 
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to dryness. The resultant red melanin powder was dissolved 
in Avon Body Lotion at a concentration of 5% (wt/wt? 
melanin/ lotion) and applied to the skin and hair of a 
volunteer. Excess material was removed by washing with soap 
5 and water, and both the amount as well as the color of the 
adhering melanin was assessed visually. A red or golden-red 
tan was achieved which did not rub off with application of 
water and soap to the skin. 

Instead of using 10% wt/vol of aloin alone in water, the 
10 starting materials used may include 6.7% wt/vol 

dihydroxyphenylalanine +3.3% wt/vol aloin. In this 
embodiment a brown cosmetic melanin is produced. 

Instead of using 10% wt/vol of aloin alone in water, the 
starting materials used may include 10% 3 -dimethyl ami no 
15 phenol alone or 6.7% wt/vol 3-dimethylamino phenol + 3.3% 
wt/vol co-monomer. In this embodiment a yellow cosmetic 
melanin is produced. 



«.3. BZAMPLS 3: 



20 



INDUSTRIAL PRODUCTION OF 
A eOSMETIC MBIANIN 



Ingredients for the production of 100 kg (based on 100% 
yield) of a red cosmetic melanin are listed as follows: 



aloin 

NH4 OH ( concentrated ) 
25 CUSO4 
H2O 
HjO, 



100 kg 
350 liters 
750 g 

550 liters 

100 liters (incrementally) 



30 



35 



The ingredients are added in the order listed in a 
suitable mixing chamber. The mixture is aerated vigorously 
for 24 hours. The resultant melanin polymer is precipitated 
by the addition of ethanol (2.5 volumes, approximately 2500 
liters) . The precipitate is collected and dried in air. The 
melanin is then dissolved in Avon Body Lotion (described 
above in Section 5.3.3) at a concentration of 1% (wt/wt; 
melanin/ lotion) , and packaged for use as a cosmetic melanin. 
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Instead of using 100 kgs of aloin as starting material, 
67 kg of dihydroxyphenylalanine 3 3 kg of aloin is used to 
produce a cosmetic melanin that is brown in color. 

5 6.4. EXAMPLE 4: APPLICATION OF COSMETIC 

MELANIN TO THE SKIN AMD /OR HAIR 

a) A red cosmetic melanin consisting of polymerized 
monomers of aloin (3 parts) is mixed in Avon Body Lotion (1% 
wt/wt; melanin/ lotion) , and applied manually to the skin 

10 ^'^^/or hair of an individual desiring a natural-appearing red 
or golden-red coloration. Excess material is removed by 
washing with soap and water. The melanin is substantive to 
the skin, i.e., it adheres to the skin. Once the excess 
melanin is washed off, the melanin that adheres to the skin 
does not wash off with water and soap or rub off with a towel 
or clothing and will not run off when immersed in water or 
swimming or during normal physical activity or due to 
sweating. 

b) A red cosmetic melanin consisting of co-polymerized 
2^ monomers of aloin (4 parts), 3 -dimethyl ami no phenol (1 part) 

and linoleic acid (l part) is mixed with Avon Body Lotion (5% 
wt/wt; melanin/ lotion) , and applied manually to the skin 
and/or hair of an individual desiring a natural-appearing red 
or golden-red coloration. Excess material is removed by 
25 washing with soap and water. The melanin is substantive to 
the skin, i.e., it adheres to the skin. Once the excess 
melanin is washed off, the melanin that adheres to the skin 
does not wash off with water and soap or rub off with a towel 
or clothing and will not run off when immersed in water or 
swimming or during normal physical activity or due to 
sweating. 

c) A blue/green cosmetic melanin consisting of 
monomers of dihydroxynaphthalenesulf onic acid (2 parts) and 
aloin (1 part) is mixed in Avon Body Lotion, and applied 
manually to the skin of an individual desiring this hue. A 
blue/ green hue can be used to soften the appearance of 
blemishes. Excess material is removed by washing with soap 
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and water. The melanin is substantive to the skin, i.e., it 
adheres to the skin. Once the excess melanin is washed off, 
the melanin that adheres to the skin does not wash off with 
water and soap or rub off with a towel or clothing and will 
5 not run off when immersed in water or swimming or during 
normal physical activity or due to sweating. 

6.5. EXAMPLE 5 2 GOgTOMT ggP COSMETIC MEIAKIN8 

Powdered forms of a brown melanin, a red melanin, a 
10 purple melanin and a blue/green melanin, prepared according 
to the procedures described above in Section 5.3.3, are 
separately dissolved in Avon Body Lotion at a concentration 
of 1% (wt/wt; melanin/ lotion) . The melanin-containing 
lotions are then mixed with one another in a variety of 
15 proportions (e.g., 1:1:1; 1:2:1; etc.) and applied to the 
skin and/or hair of a volunteer. When the desired hue is 
achieved, e.g., the color that most approximates that of the 
hair and eye color of the volunteer, the mixed proportions 
are recorded, and the melanin "blend" has, thus, been 
20 customized to the individual. 

6.6. EZl^LE 6: USE OF COSMETIC MELAMIM AS A 
PROTECTANT FROM UV RADIATIOM 

A cosmetic melanin consisting of polymerized monomers of 
2^ aloin (5 parts) and linoleic acid (1 part) is mixed with Avon 
Body Lotion (1% wt/wt; melanin/ lotion) and applied to the 
skin of an individual. The inherent ultraviolet light 
absorbance of the melanin as well as its free radical 
scavenging characteristics provide protection from solar 
radiation to the individual's skin in the region wherein the 

30 

melanin is applied. 

The instant specification and claims are set forth by 
way of illustration and not limitation, and various 
modifications and changes may be made without departing from 
the spirit and scope of the present invention. The present 
invention is not to be limited in scope by the specific 
embodiments described which are intended as illustrations of 
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individual aspects of the invention, and functionally 
equivalent methods and components are within the scope of the 
invention, in addition to those shown and described herein 
will become apparent to those skilled in the art from the 
5 foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the 
appended claims. 



10 



15 



20 



25 



30 



35 
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WHXT X8 CXAZMED IS: 

1. A melanin polymer comprising monomer ic units 
selected from the group consisting of 3-aminotyrosine, 3,4- 

5 dihydroxybenzoic acid, 3-amino, 4-hydroxybenzoic acid, aloin, 
emodin, alizarin, tyrosine, dihydroxyphenylalanine, 4,5- 
dihydroxynaphthalene- 2 -sulfonic acid, 3-nitrotyrosine, 3- 
dimethylamino phenol and p-aminobenzoic acid, said melanin 
polymer characterized by being substantive to human skin and 
10 hair and being soluble in aqueous cosmetic buffers at 
physiological pH and temperature. 

2. The melanin polymer according to claim 1, 
further comprising a co-monomer which is an agent that 

15 enhances substantivity of the melanin polymer to human skin. 

3. The melanin polymer according to claim 2, 
wherein the co-monomer is an aromatic glycoside. 

20 4. The melanin polymer according to claim 2, 

wherein the co-monomer is aloin. 

5. The melanin polymer according to claim 2, 
wherein the co-monomer is emodin. 

25 

6. The melanin polymer according to claim 2, 
wherein the co-monomer is alizarin. 

7. The melanin polymer according to claim 2, 
30 wherein the co-monomer is a steroid. 

8. The melanin polymer according to claim 2, 
wherein the co-monomer is cholesterol. 

35 9. The melanin polymer according to claim 2, 

wherein the co-monomer is a carbazole alkaloid. 
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10. The melanin polymer according to claim 2, 
wherein the co-monomer is dihydroxycarbazole. 

11. The melanin polymer according to claim 2, 
5 wherein the co-monomer is a fatty acid. 

12. The melanin polymer according to claim 2, 
wherein the co-monomer is 9 , lO-dihydroxystearic acid. 

10 13* The melanin polymer according to claim 2, 

wherein the co-monomer is linoleic acid. 

14. The melanin polymer according to claim 2, 
wherein the co-monomer is linolenic acid. 

15 

15. The melanin polymer according to claim 1, 
comprising monomer ic units of tyrosine. 

16. The melanin polymer according to claim 1, 
20 comprising monomer ic units of dihydroxyphenylalanine. 

17. The melanin polymer according to claim 1, 
comprising monomeric units of 3 -amino-tyrosine. 

18. The melanin polymer according to claim 1, 
comprising monomeric units of 3 -nitro- tyrosine. 

19. The melanin polymer according to claim 1, 
comprising monomeric units of dihydroxybenzoic acid. 

30 

20. The melanin polymer according to claim 1, 
comprising monomeric units of 3-amino-4-hydroxybenzoic acid. 

21. The melanin polymer according to claim 1, 
35 comprising monomeric units of 3-dimethylamino phenol. 
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22. The melanin polymer according t:o claim 1, 
comprising monomer ic uni^s of p-aminobenzoic acid. 

23- The melanin polymer according to claim 1, 
5 comprising monomeric units of dihydroxynaphthalenesulf onic 
acid. 

24. The melanin polymer according to claim 1^ 
comprising monomeric units of aloin. 

10 

25. A melanin polymer according to claim 1, 
comprising monomeric units of emodin. 

26. A melanin polymer according to claim 1, 
15 comprising monomeric units of alizarin. 

27. The melanin polymer according to claim 1, 
comprising monomeric units of an indole. 

20 28. A melanin polymer comprising monomeric units 

of dihydroxyindole-2-carboxylic acid co-polymerized with a 
co-monomer selected from the group consisting of aloin, 
emodin, and alizarin, said melanin polymer characterized by 
being substantive to human skin and hair and being soluble in 

25 aqueous cosmetic buffers at physiological pH and temperature. 

29. A melanin polymer comprising monomeric units 
of 5, 6-dihydroxyindole co-polymerized with a co-monomer 
selected from the group consisting of aloin, emodin, and 

30 alizarin, said melanin polymer characterized by being 
substantive to human skin and hair and being soluble in 
aqueous cosmetic buffers at physiological pH and temperature. 

30. A method of obtaining a melanin polymer which 
35 comprises polymerizing a monomeric material selected from the 

group consisting of 3-aminotyrosine , 3 , 4-dihydroxybenzoic 
acid, 3-amino, 4-hydroxybenzoic acid, aloin, emodin, alizarin, 
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tyrosine , dihydroxyphenylalanine , 4 , 5-dihydroxynaphthalene-2- 
sulfonic acid, 3-nit:rotyrosine, S-dime-thylamino phenol and p- 
aminobenzoic acid in acjueous solution by oxidation in the 
presence of air: 
5 (a) in the presence of a weak base; or 

(b) in the presence of a weak base and a salt 
of Cu** or Fe**^; or 

(c) in the presence of a weak base, a salt of 
Cu** or Fe** and an oxidant; or 

(d) in the presence of a strong base; or 

(e) in the presence of a strong base and a 
salt of Cu"*^* or Fe**; or 

(f) in the presence of a strong base, a salt 
of Cu** or Fe'*'* and an oxidant; 

15 and thereafter adding to the resulting solution of formed 
melanin polymer a lower alkanol, thereby to precipitate the 
melanin polymer from said solution. 

31. The method according to claim 28, wherein the 
2 0 lower alkanol comprises ethanol. 

32. The method according to claim 3 0 further 
comprising mixing the monomeric material with a co-monomer 
selected from the group consisting of 9, 10-dihydroxystearic 

25 acid, cholesterol, dihydroxycarbazole, aloin, emodin, 
alizarin, linoleic acid and linolenic acid prior to 
polymerizing the material. 

33. A method of producing a naturally appearing 
30 tan to mammalian skin comprising applying to the skin a tan- 
producing effective amount of the melanin polymer according 
claim 1 in a cosmetic buffer. 



35 
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FIG, 3 
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COflMBTIC MEIANIKS 

The present application is a continuation-in-part of 
application Serial No. 08/109,286 filed August 19, 1993, 
5 which is incorporated by reference herein in its entirety. 

1. FIELD OT INVENTIOH 

The present invention relates to the methods of 
producing soluble forms of melanin polymers and to topical 
10 compositions useful for providing a substantive, natural- 
appearing tan, in a variety of colors to mammalian skin and 
protecting the skin from the harmful effects of ultraviolet 
radiation. 

15 2. BACKGROUND OF THE INVENTION 

It is well established that the incidence of melanoma 
and other cancers of the skin is on the rise and that solar 
radiation, particularly that in the ultraviolet (UV) range, 
is a major causative factor. Pawelek et al., 1992, Molecular 
20 Cascades in UV-induced Melanogenesis: A central role for 
melanotropins? , Pigment Cell Research 5:348-356. The 
sensitivity of the human skin to UV exposure is determined by 
the amount of pigment melanin contained within the skin. In 
this regard, individuals with high skin melanin content are 

25 less likely to suffer from skin cancers and other damaging 
effects of sunlight, for example, wrinkling, solar lentigines 
and premature aging of the skin characterized by wrinkling 
and yellowing of the skin, cracking, telangiectasis (spider 
vessels) , solar keratoses (growths) , ecchymoses (subcutaneous 

30 hemorrhagic lesions) , and loss of elasticity (sagging) . 

Public awareness of these facts has led to an increased 
usage of sunscreens that protect the skin from UV radiation. 
Sunscreens are now included in a diversity of personal care 
products, particularly cosmetic-type products which are worn 

35 on a daily basis. The active ingredients of most of these 
sunscreens do not impart a tan to the skin. However, many 
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individuals who use sunscreens also desire to have tan- 
appearing skin. 

There are a variety of agents available which provide a 
tan color to the skin, but few, if any, of these provide 
5 significant protection from UV-induced damage to the skin. 
For example, dihydroxyacetone (DHA) provides color through a 
reaction with specific amino acids in the stratum corneum. A 
drawback of this type of product is that it results in uneven 
coloration. in addition, DHA provides little, if any, 

10 protection from ill-effects of excessive UV exposure. 

Related products in the field include artificial tanning 
compositions comprising melanin precursors or melanin 
precursor-like materials. These products do not contain 
natural or synthetic melanins. For example, some 

15 compositions achieve only superficial external tanning 

results which are readily removed by rinsing with water or 
rubbing with a towel. Wolfram et al., U.S. Patent No. 
4,948,497. Other compositions contain a melanin precursor 
and a tyrosinase enzyme in a cosmetic base. Herlihy, U.S. 

20 Patent No. 4,515,773 and Gaskin, U.S. Patent No. 4,806,344. 
Some pre-formed melanins, either synthetic or natural, are 
subjected to a variety of chemical procedures that modify the 
color of these melanins. Ahene and Chedekel, U.S. Patent No. 
5,188,844. However, these procedures required pre-formed 

25 melanins as starting materials. 

Mammalian melanins have proven difficult to study 
because they are highly insoluble and require severe 
treatments such as boiling in strong alkali, or the use of 
strong oxidants such as hydrogen peroxide, which often damage 

30 the melanins. See Prota et al., 1992, in Melanins and 

Melanogenesis, Academic Press Inc. Harcourt Brace Jovanovich, 
3-4. Thus, previous attempts at producing melanin 
compositions which are soluble at physiological pH and 
temperatures in cosmetic buffers, have met limited success in 

35 the past. 

Synthetic soluble melanins have been produced non- 
enzymatically using dihydroxyindole-2-carboxylic acid (DHICA) 
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and/or dihydroxyindole (DHI) as precursors. Pawelek et al., 
U.S. Patent No. 5^218,079; and Orlow et al. , 1992, Pigment 
Cell Research 113-121. It was further shown that 
polymerization of melanins could be carried out above pH 7 in 
5 the presence of oxygen, oxidative agents such as hydrogen 
peroxide and by salts of metals such as Cu^*. U.S. Patent No. 
5,216,116. However, the melanins produced were limited in 
their range of colors and in their substantivity or ability 
to adhere to the skin and hair. 

10 Other cosmetic melanins have been described in U.S. 

Patent No. 5,225,435 and U.S. Patent No. 5,216,116. 

Citation and identification of any reference in Section 
2 of this application shall not be construed as an admission 
that such reference is available as prior art to the present 

15 invention. 



It is an object of the present invention to provide 
improved methods of synthesizing synthetic forms of high 

20 molecular weight melanins that are soluble in aqueous 
cosmetic buffers at physiologic pH and temperatures. 

It is further an object of the invention to provide 
melanin polymers produced from precursor monomers that are 
aromatic compounds having an ionizable side group including 

25 3-aminotyrosine, 5, 6-dihydroxy indole, dihydroxyindole-2- 
carboxylic acid, 3 , 4-dihydroxybenzoic acid, 3-amino,4- 
hydroxybenzoic acid, aloin, emodin, alizarin, tyrosine, 
dihydroxyphenylalanine , 4 , 5-dihydroxynaphthalene-2-sulf onic 
acid, 3-nitrotyrosine, 3-dimethylamino phenol and p- 

30 aminobenzoic acid. 

It is a still further object of the invention to provide 
compositions and methods for the co-polymerization of a 
monomer with a co-monomer to form a synthetic melanin 
polymer. The co-monomers enhance certain properties of the 

35 resultant melanin polymer, for example, enhanced adherence to 
skin, enhanced protection from ultraviolet light and color 
modification. The co-monomers include 9 , lO-dihydroxystearic 



3. 



SUMMARY OF THE INVENTION 
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acid, cholesterol, dihydroxycarbazole , aloin, emodin, 
alizarin, linoleic acid and linolenic acid. 

The present invention also relates to methods for 
producing soluble cosmetic melanin polymers using six 
5 different procedures entailing oxidation of a monomer or 

monomer-co-monomer combination: (a) in the presence of a weak 
base; or (b) in the presence of a weak base and a salt of 
Cu** or Fe*^; or (c) in the presence of a weak base, a salt of 
Cu** or Fe** and an oxidant; or (d) in the presence of a 
10 strong base; or (e) in the presence of a strong base and a 
salt of Cu** or Fe**; or (f) in the presence of a strong 
base, a salt of Cu** or Fe*"^ and an oxidant, and precipitating 
the melanin polymer with a lower alkanol. 

The present invention relates to compositions and 
15 methods for producing soluble cosmetic melanin polymers 
having a wide variety of natural-appearing tan colors; and 
increasing the adherence of such soluble melanin polymers to 
mammalian skin. The present invention also relates to a 
composition useful for topical application comprising a tan- 
2 0 producing effective amount of melanin polymer to the skin. 

The present invention also encompasses production of 
soluble melanin polymers at an industrial scale. 

The present invention relates to a composition useful 
for topical application comprising a photoprotectively 
2 5 effective amount of melanin polymer to the skin- 

The present invention also relates to a method of 
inhibiting the deleterious effects of UV radiation to skin 
comprising applying a photoprotectively effective amount of 
melanin polymer to the skin. 

30 

3.1. DEFINITIONS 

As used herein, "substantive" means adhering to the skin 
and not being washed off with water and soap after 
conventional topical application of the cosmetic melanin 
35 composition to skin. 

As used herein, "topical application" means directly 
laying on or spreading on outer skin. 
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As used herein, "effective amount** means an amount of 
the melanin composition sufficient to significantly induce a 
positive modification in achieving a natural-appearing tan in 
the skin and/or protection from damage caused by UV exposure. 
5 The present invention can be more fully understood by 

reference to the following detailed description and 
illustrative examples as well as the figures which follow. 

4. BRIEF DBflCRIPTIOll QP TOE DRAWINGS 

10 Figures 1(A) and (B) describe the chemical structure and 

spectra of representative precursor monomers used in the 
production of the present melanins. The precursors share the 
common characteristics of possessing at least one aromatic 
ring and at least one ionizable side group. Except for P- 

15 aminobenzoic acid, the precursors contain an hydroxy 1 group. 
Each of the precursors absorbs light in the ultraviolet 
spectra. Several representative precursors, i.e., aloin, 
emodin and alizarin (the latter of which is not shown in 
Figure 1) , which can be polymerized into red, gold and purple 

20 melanins respectively, are also **melanin-enhancing** agents in 
that, when copolymer ized with another precursor or monomer, 
they aid in penetration and substantivity of the cosmetic 
melanins to the skin. 

Figure 2 describes spectral characteristics of p- 

25 aminobenzoic acid (PABA) and a synthetic, melanin-like 
polymer of PABA. Even though PABA does not contain an 
hydroxy 1 moiety, it could be polymerized into a high 
molecular weight melanin-like polymer by procedures #3 (weak 
base, salt of a metal ion, oxidant) and #5 (strong base, salt 

30 of metal ion) discussed infra in Section 5.3. The dried 
powders of PABA monomer and PABA-polymers were separately 
dissolved in O.IM sodium phosphate, pH 7.4 at a concentration 
of SO/ig/ml, and absorbance was determined in a 
spectrophotometer over the range of wavelengths shown. The 

35 melanin- like PABA polymer showed a much broader absorbance 
range than did PABA itself, demonstrating that the polymer is 
a superior absorbent of light when compared to the precursor. 
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Figure 3 describes the chemical structures of 
representative **melanin enhancing" agents used in the 
production of cosmetic melanins. Such agents can be 
copolymerized with one or more of the representative 
5 precursors in Fig. i to yield cosmetic melanins with enhanced 
penetration and substantivity to the skin when compared with 
melanins produced without the "melanin-enhancing" agents. 
The melanin enhancing agents are drawn from different 
chemical classes (fatty acids, steroids, alkaloids, "aloins" 

10 or "anthraquinones") but are generally both lipophilic (or 
possess lipophilic regions) , hydroxy lated, and/or exhibit 
unsaturated double bonds. Additional enhancing agents 
include extracts of Aloe Vera and related plants that are 
rich in aloins, emodins and alizarin. 

15 Figure 4 shows the spectral characteristics of 

representative cosmetic melanins of various colors. Melanins 
were synthesized with or without "melanin-enhancing" agents 
by one of the six procedures discussed infra in Section 5.3. 
Dried melanin powders were dissolved in o.lM sodium 

20 phosphate, pH 7.4, at a concentration of SO/ig/ml and 

absorbance was determined in a spectrophotometer over the 
range of wavelengths shown. Unlike the precursors shown in 
Fig. 1, each of the melanins exhibited absorbance in both the 
ultraviolet and visible spectra. 

25 Figure 5 describes the relationship between molecular 

weights vs. absorbance (450nm) of representative melanin 
polymers of the present invention. Molecular weights were 
calculated using the elution times from a precalibrated 
molecular sieve HPLC column. Absorbance of a SO/ig/ml sample 

30 was determined with a spectrophotometer. Generally, but not 
always, there was a correlation between the degree of 
absorbance and the degree of polymerization. 

5. DETAILE D DESCRIPTION OP THE INVEKTTQia 

35 The present invention provides a set of unique 

compositions, methods, and uses for synthetic cosmetic 
melanins that satisfy the following criteria: 
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1) Natural-appearing tan colors; 

2) Adaptive to different skin/hair colorations; 

3) Natural and/ or organic composition; 

4) High molecular weight polymers, free of monomers and 
5 reagents ; 

5) Ultraviolet radiation absorbent; 

6) Soluble in aqueous cosmetic buffers (e.g., 
triethanolamine, sodium phosphate) at physiologic pH and 
temperature ; 

10 7) Ease of application; 

8) Substantive to skin (water/ soap resistant) ; 

9) Non-spreading from skin to clothing/ towels; 

10 ) Non-mutagenic ; 

11) Non-irritant, non-allergenic; 

15 12) Feasible industrial-scale production; and 
13) Environmentally safe. 

Although some of these criteria have been satisfied by 
previous **melanins** , no simple component has satisfied all of 
these criteria, which together constitute a complete 

20 definition of **cosmetic melanin**. 

The present invention relates to synthetic melanin 
polymers that exhibit physico-chemical properties suitable 
for cosmetic applications — including natural-appearing tan 
colors, solubility in aqueous buffers at physiologic pH and 

25 temperatures, substantivity to human skin and hair, and 

protection from ultraviolet radiation. The present invention 
also relates to synthetic melanin polymers whose monomeric 
structures are composed of aromatic rings that possess an 
ionizable side group. 

30 In addition, this invention provides a series of 

distinctly different methods for the oxidative polymerization 
of melanin precursors or monomers that yield reproducibly 
different melanins, even when the same precursors or monomers 
are used as starting material. Although it is well known 

35 that melanins can be synthesized through oxidative 
polymerization of appropriate precursors such as, for 
example, dihydroxyphenylalanine, it was not previously known 
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until this invention that different procedures of oxidative 
polymerization could yield melanins with reproducibly 
different physical characteristics such as molecular weight 
and color. 

5 Nor was it known that a wide variety of compounds from 

different chemical classes can be polymerized or 
copolymerized through such procedures and that said 
procedures can thus be used together to screen for new 
melanins, polymerized from different precursors or 

10 combinations thereof. 

A key factor in the development of the above-mentioned 
cosmetic melanins was development of techniques for the 
synthesis of melanins soluble at physiological pH and 
temperature in cosmetic aqueous buffers. 

15 Thus, the present invention also relates to six specific 

non-enzymatic methods for polymerization of monomers into 
synthetic melanins. These methods can also be used to screen 
untested, monomer ic structures for their incorporation into 
melanin polymers, and thus for their potential suitability as 

20 precursors for the production of additional synthetic 
melanins. 

In addition, these methods may also be used for the 
copolymerization of "nelanin-enhancing" agents into the 
melanin polymer, examples being agents that improve the 
25 properties of the melanins with regard to adherence to skin, 
protection from ultraviolet light, and color characteristics. 

The present invention also relates to methods for 
producing such melanins in industrial scale quantities. 

The present invention relates to the topical use of 
30 compositions containing synthetic melanins to impart a tan to 
the skin while, at the same time, preventing the deleterious 
effects of UV radiation to the skin in the human population. 

5«1« MONOMERIC PRBCP RSORfl OF COSMETIC MEIAKINS 

35 Generally, the precursors or monomers most amenable to 

polymerization have hydroxylated aromatic rings with an 
ionizable side group. The precursors share the common 
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characteristic of at least one aromatic ring and at least 
one ionizable side group (See Fig. 1) . However, even though 
p-aminobenzoic acid (PABA) is not hydroxy lated, it can be 
polymerized into melanin by two of the six procedures 
5 described below in Section 5.3* PABA is widely used as a 
sunscreen and PABA-melanin according to the present 
invention, absorbs over a broader range of the UV spectrum 
than does PABA alone (Figure 2) • 

Other suitable precursors of melanin include 3- 

10 aminotyrosine, 5, 6-dihydroxyindole, dihydroxyindole-2- 
carboxylic acid, 3 , 4-dihydroxy benzoic acid, 3-ainino,4- 
hydroxybenzoic acid, aloin, emodin, alizarin, tyrosine, 
dihydroxypheny lalanine , 4 , 5-"dihydroxynaphthalene-2-sulf onic 
acid, 3-nitrotyrosine, 3-dimethylamino phenol and p- 

15 aminobenzoic acid. 

5.2. CO-MONOMER COMPOUHDS USED ZM 

SYMTHESyS QF COSHBT^C HPI*ANIHS 

Co->monomer compounds can be copolymerized along with the 
20 precursors monomers, yielding melanins that are uniquely 
applicable to cosmetic usage. Representative examples of 
such molecules are fatty acids such as linoleic acid, 9,10* 
dihydroxystearic acid, and linolenic acid; steroids such as 
cholesterol; and carbazole alkaloids such as 

25 dihydroxycarbazole. Examples of additional co-monomers or 
enhancing agents that can be included in the polymerization 
reactions include aromatic glycosides such as those found in 
extracts of the Aloe Vera plant, and related plants. The 
melanin-enhancing agents "aloin", emodin" and "alizarin" are 

30 known to be ingredients of Aloe Vera and related plants. In 
addition, aloin, emodin and alizarin can function both as 
melanin precursors or monomers and as melanin enhancers, in 
that when polymerized alone by the procedures of the 
invention they yield melanin polymers with gold, red and 

35 purple colors, respectively. (See Figs. 3-5) . When they are 
copolymerized with other precursors, e.g., 
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dihydroxyphenylalanine (dopa) , they enhance the penetration 
and substantivity of the dopa-melanin polymer to the skin. 

IttTHODS OP PRgPAPX ^G eOflMBTTC MEIAKTMW 

WgTHOPe POR PQLYMKPT ^ ATTQW QV i »r>wnw».pa 
The melanin polymers of the present invention are 
produced by any one of six different procedures which involve 
oxidation of a monomer in the presence of air (or oxygen) 
10 under specific conditions. For example, a monomeric precursor 
(10% wt/vol) in water or aqueous solution, is subjected to 
oxidative polymerization as follows: 



Procedure 1: 



15 



Procedure 2; 



20 



Procedure 3; 



25 



30 



Procedure 4 



Procedure 5: 



35 



In the presence of a weak base such as 
ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM) ; 

In the presence of a weak base such as 
ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM) and a salt of a metal 
ion such as Cu** or Fe**; 
In the presence of a weak base such as 
ammonium hydroxide (from about 5M to 
about lOM) or triethanolamine (from about 
5M to about lOM), a salt of a metal ion 
such as cu-^* or Fe**, and an oxidant such 
as hydrogen peroxide (about 3% vol/vol) 
or ammonium per sulfate (about 30% 
wt/vol) ; 

In the presence of a strong base such as 
sodium hydroxide (from about O.IM to 
about 4M) or potassium hydroxide (from 
about 0 . IM to about 4M) ; 

In the presence of a strong base such as 
sodium hydroxide (from about O.IM to 
about 4M) or potassium hydroxide (from 
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about O.IM to about 4M) and a salt of a 
metal ion such as Cu*"" or Fe**; 
Procedure 6: In the presence of a strong base such as 

sodium hydroxide (from about O.IM to 
5 about 4M) or potassium hydroxide (from 

about O.IM to about 4M) , a salt of a 
metal ion such as Cu'*''*^ or Fe^* and an 
oxidant such as hydrogen peroxide (about 
3% vol /vol) or ammonium persulfate (about 
10 30% wt/vol) . 

The resultant melanin polymer is precipitated by 
addition of a lower alcohol, for example, methanol, 
isopropanol and preferably ethanol (about 2.0 volumes). 
Alternatively, acetone can be used to precipitate the 
15 melanin polymer. The precipitate is dried in air. 

5.3.2. METHODS FOR CO-POLYMERIZATIOH 
OP GO-MQNOM BRfl WITH MONOMERS 

A monomer (about 6.7% wt/vol) in water or aqueous 
solution is mixed with a co-monomer (about 3.3% wt/vol) and 
subjected to oxidative polymerization according to the six 
different procedures described above in Section 5.3.1. 

The resultant melanin polymer is precipitated by 
addition of a lower alkanol, for example, methanol, 
isopropanol and preferably ethanol (about 2.0 volumes). 
Acetone also precipitates the melanin polymer. The 
precipitate is dried in air. 

5.3.3. INDUSTRIAL PRODUCTION 
QP COSMETIC MEIANINS 

The procedures for oxidative polymerization of suitable 
precursors into melanins or melanin-like compounds are 
readily amenable to industrial-scale production of the 
material. A straightforward and simple synthetic route 
comprises a) using a monomer ic precursor, optionally with a 
co-monomer enhancer; b) subjecting the monomer and/ or co- 
monomer to oxidative polymerization; c) concentrating the 
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melanin polymer into powder; and d) formulating the cosmetic 
melanin composition using a suitable cosmetic vehicle or 
buffer. 

The procedures involve, but are not limited to, mixing 
5 one or more precursors (e.g., see Fig. l) with one or more 
co-monomer enhancers (e.g., see Fig. 3), and subjecting the 
mixture to oxidative polymerization via one of the six 
procedures listed in Section 5.3. The resultant polymer is 
concentrated via precipitation by titration with an acid 
10 (e.g., HCl) or an alcohol (e.g., ethanol) , or by 

lyophilization or drying in air. The polymer is dried to a 
powder, and the powder is mixed at the desired concentration 
(e.g., 1% wt/wt) in a suitable aqueous cosmetic buffer (e.g., 
triethanolamine or sodium phosphate) or in a suitable aqueous 
15 cosmetic vehicle (e.g., Avon Body Lotion). 

The Avon Body Lotion contains the following ingredients: 
Purified Water 
Octyl Pa Imitate 
Petrolatum 
Apricot Kernel Oil 
20 Isopropyl Palmitate 

Cetearyl Alcohol 
Rice Starch 
Retinyl Palmitate 
Tocopherol 
Cholecalcif erol 
Glyceryl Sterate 
PEG-4 0 Hydrogenated Castor Oil 
25 Sodium Cetearyl Sulfate 

Imidazolidinyl Urea 
Triethanolamine 
Methylparaben 
Carbomer-941 
Dimethicone 

Tr imethy Is i loxy s i 1 ica t e 
3Q Disodium EDTA 

Corn Oil 

The cosmetic melanins so produced are believed to 
provide protection to the skin from damage caused by UV 
radiation (skin cancers, wrinkling, solar lentigines, and 
35 premature aging of the skin) by virtue of the fact that the 
melanins strongly absorb UV light (Fig. 2 and 4). As 
mentioned above, PABA is used extensively by the industry as 
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an actiive ingredient in sunscreen preparations, and it can be 
seen in Fig. 2 that melanins synthesized from PABA absorb UV 
light over a broader range than does PABA itself. In this 
regard, melanins prepared from precursors other than PABA 
5 have similar absorbance characteristics to PABA-melanin (see 
Figs. 2 and 4), and it can thus be concluded that since such 
melanins are both substantive to the skin and visible to the 
eye, they represent a significant and unique advantage over 
existing sunscreen formulations. 

10 

5.4. TOPICAL COMPOSITIONS AND METHODS OF USE 

The cosmetic melanins of the present invention may be 
incorporated into a wide variety of product types. These 
include, for example, lotions, creams, beach oils, gels, 

15 sprays, ointments, sticks, pastes, mousses and cosmetics such 
as "make-up". These product types may comprise either of two 
basic types of carrier systems, i.e., solutions and 
emulsions. The term "carrier" encompasses cosmetically- 
acceptable non- irritating compatible components which are 

20 suitable for delivering the melanins to the skin. These 

carriers must of course, be sufficiently pure to render them 
suitable for chronic topical application to the mammalian 
skin. 

Compositions containing the cosmetic melanins of the 
25 present invention formulated as solutions typically include a 
cosmetically-acceptable solvent which, in addition to being 
capable of having dissolved therein the cosmetic melanin at 
physiological pH and temperature, also possesses acceptable 
safety (e.g. , irritation and sensitization characteristics) , 
30 as well as good aesthetic properties (e.g., does not feel 
greasy) . The most typical example of such a solvent is 
water. Alternatively, the solvent can be an aqueous 
solution. Examples of other solvents include cosmetic 
buffers which include: triethanolamine and sodium phosphate. 
35 An example of aqueous cosmetic buffers or vehicles preferred 
in the formulation of cosmetic melanin compositions is Avon 
Body Lotion, described above in Section 5.3.3. The aqueous 
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cosmetic buffers contain from about 0.1% to 5.0%, of a 
suitable cosmetic melanin or a combination of cosmetic 
melanins and from 95% to about 99.9% of an acceptable aqueous 
cosmetic buffer or vehicle. 
5 Emulsion carrier systems may include single emulsion 

melanin preparations (such as lotions and creams of the oil- 
in-water type and water-in-oil type) or the triple emulsion 
carrier systems (such as oil-in-water-in-silicone fluid 
emulsion type) . These are well known in the cosmetic art and 

10 are useful in the present invention. 

In accordance with another aspect of the invention one 
part by weight of any of the melanins of the invention can be 
blended with about 1 to 10 and preferably about 1 to 5 and 
especially about 3 part by weight of urea, the urea enhancing 

15 penetration of the melanin into the epidermis. 

Any of the melanins of the invention can be mixed with 
one another to achieve a predetermined hue customized to a 
particular individual's skin and hair colors. 

The novel melanins can be stored as dry powders and 

20 dissolved when ready for use, or can be stored as solutions. 
In a preferred embodiment, melanins are incorporated into 
liposomes in conventional manner and such liposomes used when 
required. 

The present invention relates to methods for achieving a 
25 natural-appearing tan and protecting the skin from the 
harmful effects of ultraviolet exposure. Such methods 
comprise topical application of an effective amount of 
cosmetic melanins. The amount of cosmetic melanins and 
frequency of application will vary depending upon the level 
30 of tanning already in existence in the subject, the intensity 
of the sun exposure, and the level of tanning desired. An 
effective amount of cosmetic melanin is applied manually to 
the skin and/or hair of an individual desiring a natural- 
appearing tan . Excess material is removed by washing with 
35 soap and water. The melanin is substantive to the skin, 
i.e., it adheres to the skin. 
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6. EXAMPLBB 

The following examples further describe and demonstrate 
various embodiments within the scope of the present 
invention. The examples are solely for the purpose of 
S illustration, and are not to be construed as limitations of 
the present invention since many variations thereof are 
possible without departing from its spirit and scope. 

In the following illustrative examples all parts are 
expressed by weight unless otherwise expressed. 

10 

6.1. EXAMPLE l; PREPARATION OF MELANINS 

Melanin polymers were produced using a variety of 
different procedures and melanin precursors. The molecular 
weights of melanin polymers produced using Procedures 1-6 and 
15 different melanin monomeric precursors are shown in Table 1. 



Table 1 

Molecular Weights (K daltons) of Melanin Polymers 
Synthesized Using Procedures 1-6 

20 ££S£SSucfiS!: 

1 2 3 4 5 € 

Precursors'* 



25 



30 



35 



A 


NA 


NA 


26.3 


21.2 


26.3 


23.6 


B 


27.0 


23.9 


36.2 


25.6 


36.2 


25.3 


C 


34.3 


31.7 


ppt 


ppt 


41.4 


28.5 


D 


24.3 


22.4 


33.4 


28.5 


31.7 


27.0 


E 


25.3 


25.6 


24.9 


26.6 


32.1 


24.9 


F 


21.8 


21.2 


23.0 


23.3 


23.6 


23.3 


G 


23.9 


25.3 


24.3 


24.3 


26. 3 


26.3 


H 


NA 


NA 


22.4 


NA 


23.6 


NA 


I 


19.1 


22.7 


20.4 


22.4 


24.9 


23.6 


J 


25.3 


24 . 6 


24.9 


24 . 6 


33.4 


21.5 


K 


ND 


ND 


14.0 


ND 


ND 


ND 


L 


ND 


ND 


ND 


ND 


ND 


ND 



NA: negligible product 
ND: Not done 
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ppt: poorly soluble in aqueous buffer, pH 7.4 

a. Procedures ; i) weak base 

2) weak base + salt of metal ion 

3) weak base + salt of metal ion + oxidant 

4) strong base 

* 5) strong base + salt of metal ion 

6) strong base + salt of metal ion + oxidant 

b. Precursors; a) tyrosine 

B) dihydroxyphenylalanine 

C) dihydroxyindole-2-carboxylic acid 
10 ^) 3-aminotyrosine 

E) 3 ,4-dihydroxy benzoic acid 

F) 3~amino, 4-hydroxyben2oic acid 

G) 4,5-dihydroxynaphthalene-2-sulfonic acid 

H) p-aminobenzoic acid 
15 I) aloin 

J) aloin+dihydroxyphenylalanine 
K) alizarin (3 parts) + 

dihydroxyphenylalanine (1 part) 
L) alizarin 

20 The molecular weights of each of the precursors and/or 

enhancing agents are all less than 1 kilodalton, whereas the 
molecular weights of the polymerized melanins average between 
10-40 kilodaltons or higher. It can be seen from Table 1 
that the same precursor can be polymerized into melanin 

25 polymers of different molecular weights, depending on which 
of the six polymerization procedures is used. Molecular 
weights of individual melanins were calculated via their 
elution times from a precalibrated molecular sieve column. 
These results underscore the unique usefulness of the six 
procedures in screening new precursors for their value as 
monomers in cosmetic melanin polymers. 

Likewise, the degree of absorbance in the visible 
spectrum per unit weight of melanin also differs according to 
the procedure and precursors employed in the polymerization 

35 reactions. In these runs, spectrophotometric absorbance at a 
wavelength of 4 50nm was used as a criterion of absorbance in 
the visible range. Absorbance of each individual melanin was 
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measured by spectrophotome^ric absorbance of a solution of 
melanin dissolved at 50^9/^1 of sodium phosphate, O.IM, pH 
7.4. It can be seen that even with a single precursor, the 
absorbance of the resultant melanin polymers vary according 
5 to the procedure used. The results underscore the unique 
usefulness of the six procedures in screening new precursors 
for their value as monomers and/or co-monomers in cosmetic 
melanin polymers (see Table 1) • 



10 Table 2 

Spectrophot ©metric Absorbance (450nm) of Melanin 
Polymers (50/xg/iiil) Synthesized Via Various Procedures 

Procedures* ; 

1 2 3 4 5 6 

^5 Precursors*' 



20 



25 



A 


NA 


NA 


.275 


. 084 


.308 


.170 


B 


.456 


.461 


.763 


. 350 


.496 


.358 


C 


.450 


.293 


ppt 


ppt 


.457 


.457 


D 


. 167 


.074 


.507 


.500 


.411 


.343 


E 


. 101 


. 100 


. 194 


.171 


.577 


.128 


F 


.145 


.291 


.733 


.757 


.930 


.445 


6 


. 078 


.089 


.125 


. 106 


.150 


.082 


H 


NA 


NA 


.493 


NA 


.584 


NA 


I 


.158 


.210 


.312 


.280 


.326 


.221 


J 


.261 


.223 


.302 


.373 


.217 


.191 


K 


ND 


ND 


.388 


ND 


ND 


ND 


L 


ND 


ND 


ND 


ND 


ND 


ND 



NA: negligible product 
30 ND: not done 

ppt: poorly soluble in aqueous buffer, pH 7.4 

a. Procedures : 1) weak base 

2) weak base salt of metal ion 

3) weak base + salt of metal ion oxidant 

4) strong base 

5) strong base + salt of metal ion 

6) strong base + salt of metal ion + oxidant 

b. Precursors : A) tyrosine 
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B) dihydroxyphenylalanine 

C) dihydroxyindole-2-carboxylic acid 

D) 3-aiDino'tyrosine 

E) 3 , 4-dihydroxybenzoic acid 

* F) 3-amino,4-hydroxybenzoic acid 

G) 4,5-dihydroxynaphthalene-2-sulfonic acid 

H) p-aminobenzoic acid 

I) aloin 

J) aloin+dihydroxyphenylalanine 

^® K) alizarin (3 parts) + 

dihydroxyphenylalanine (1 part) 
L) alizarin 

In general, there was a correlation between the degree 
of absorbance (at 450nin) and the degree of polymerization 

15 (molecular weight in kilodaltons) . Examples of this are 

presented in Fig. 4 wherein plots of absorbance vs. molecular 
weights of various precursors are shown for melanins of 
different colors. m these examples, there is a correlation 
between absorbance and molecular weight of the polymer with 

20 each of the precursors except dihydroxynaphthalene sulfonic 
acid, whose absorbance characteristics show no correlation 
with the degree of polymerization. However, the degree of 
polymerization is generally proportional to the intensity of 
absorbance . 

25 

«.2. E3CAMPLE 2: PREPARATION OF RED, BROWN 

. AND YELLOW C08MET TC MEIAMTMS 

Aloin (10.0% wt/vol of water) was subjected to oxidative 
polymerization via each of six different procedures as 

30 follows: 1) in the presence of NH40H(5M) ; 2) in the presence 
of NH40H(5M) and CuSO^ (0.6 mg/ml); 3) in the presence of 
NH^OHCSM), CUSO4 (0.6 mg/ml) and HjOj (3% vol/vol); 4) in the 
presence of NaOH (IM) ; 5) in the presence of NaOH(iM) and 
CUSO4 (0.6 mg/ml); 6) in the presence of NaOH(lM), CUSO4 (0.6 

35 mg/ml) and H2O2 (3%) . The mixture was stirred vigorously in 
air for 24 hours. Two volumes of ethanol were added, the 
precipitate is collected by centrifugation, and lyophilized 
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dryness. The resultant: red melanin powder was dissolved 
in Avon Body Lotion at: a concentration of 5% (wt/wt; 
melanin/ lotion) and applied to the skin and hair of a 
volunteer. Excess material was removed by washing with soap 
5 and water, and both the amount as well as the color of the 
adhering melanin was assessed visually. A red or golden-red 
tan was achieved which did not rub off with application of 
water and soap to the skin. 

Instead of using 10% wt/vol of aloin alone in water, the 
10 starting materials used may include 6.7% wt/vol 

dihydroxyphenylalanine + 3.3% wt/vol aloin. In this 
embodiment a brown cosmetic melanin is produced. 

Instead of using 10% wt/vol of aloin alone in water, the 
starting materials used may include 10% 3-dimethylamino 
15 phenol alone or 6.7% wt/vol 3-dimethylamino phenol + 3.3% 
wt/vol co-monomer. In this embodiment a yellow cosmetic 
melanin is produced. 



20 



€.3. EXAMPLE 3: 



INDUSTRIAL PRODUCTION OF 
A COSMETIC MELANIN 



Ingredients for the production of 100 kg (based on 100% 
yield) of a red cosmetic melanin are listed as follows: 



aloin 

NH4OH ( concentrated) 
25 CUSO4 

H2O2 



100 kg 

3 50 liters 

750 g 

550 liters 

100 liters (incrementally) 



30 



35 



The ingredients are added in the order listed in a 
suitable mixing chamber. The mixture is aerated vigorously 
for 24 hours. The resultant melanin polymer is precipitated 
by the addition of ethanol (2.5 volumes, approximately 2 500 
liters) . The precipitate is collected and dried in air* The 
melanin is then dissolved in Avon Body Lotion (described 
above in Section 5.3.3) at a concentration of 1% (wt/wt; 
melanin/ lotion) , and packaged for use as a cosmetic melanin - 
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Instead of using 100 kgs of aloin as starting material, 
67 kg of dihydroxyphenylalanine + 33 kg of aloin is used to 
produce a cosmetic melanin that is brown in color. 

5 6.4. BZJOCPLE 4: APPLZCATZOM OF C08MBTIC 

MBLAHIK TO THE gKIM AND /OR HIkTR 

a) A red cosmetic melanin consisting of polymerized 
monomers of aloin (3 parts) is mixed in Avon Body Lotion (1% 
wt/%rt; melanin/ lotion) , and applied manually to the skin 

10 ^^^/^^ hair of an individual desiring a natural-appearing red 
or golden-red coloration. Excess material is removed by 
washing with soap and water. The melanin is substantive to 
the skin, i.e., it adheres to the skin. Once the excess 
melanin is washed off, the melanin that adheres to the skin 
does not wash off with water and soap or rub off with a towel 
or clothing and will not run off when immersed in water or 
swimming or during normal physical activity or due to 
sweating. 

b) A red cosmetic melanin consisting of co-polymerized 
2^ monomers of aloin (4 parts), 3-dimethylamino phenol (1 part) 

and linoleic acid (1 part) is mixed with Avon Body Lotion (5% 
wt/wt; melanin/ lotion) , and applied manually to the skin 
and/or hair of an individual desiring a natural-appearing red 
or golden-red coloration. Excess material is removed by 
2g washing with soap and water. The melanin is substantive to 
the skin, i.e., it adheres to the skin. Once the excess 
melanin is washed off, the melanin that adheres to the skin 
does not wash off with water and soap or rub off with a towel 
or clothing and will not run off when immersed in water or 
swimming or during normal physical activity or due to 
sweating. 

c) A blue/green cosmetic melanin consisting of 
monomers of dihydroxynaphthalenesulf onic acid (2 parts) and 
aloin (1 part) is mixed in Avon Body Lotion, and applied 

2^ manually to the skin of an individual desiring this hue. A 
blue/green hue can be used to soften the appearance of 
blemishes. Excess material is removed by washing with soap 
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and va^er. The melanin is substant:ive *to the skin, i.e., it 
adheres to the skin. Once the excess melanin is washed off, 
the melanin that adheres to the skin does not wash off with 
water and soap or rub off with a towel or clothing and will 
5 not run off when immersed in water or swimming or during 
normal physical activity or due to sweating. 

6.5. EXAMPLE S; CUSTOMIZED COSMETIC MEIANIW8 
Powdered forms of a brown melanin, a red melanin, a 

10 purple melanin and a blue/green melanin, prepared according 
to the procedures described above in Section 5.3.3, are 
separately dissolved in Avon Body Lotion at a concentration 
of 1% (wt/wt; melanin/ lotion) . The melanin-containing 
lotions are then mixed with one another in a variety of 

15 proportions (e.g., 1:1:1; 1:2:1; etc.) and applied to the 
skin and/or hair of a volunteer. When the desired hue is 
achieved, e.g., the color that most approximates that of the 
hair and eye color of the volunteer, the mixed proportions 
are recorded, and the melanin "blend** has, thus, been 

20 customized to the individual. 

6.6. EXAMPLE 6: USE OP COSMETIC MELAKIM AS A 
PROTECTANT PROM UV RADIATION 

A cosmetic melanin consisting of polymerized monomers of 
aloin (5 parts) and linoleic acid (1 part) is mixed with Avon 
Body Lotion (1% wt/wt; melanin/ lotion) and applied to the 
skin of an individual. The inherent ultraviolet light 
absorbance of the melanin as well as its free radical 
scavenging characteristics provide protection from solar 
radiation to the individual's skin in the region wherein the 
melanin is applied. 

The instant specification and claims are set forth by 
way of illustration and not limitation, and various 
modifications and changes may be made without departing from 
the spirit and scope of the present invention. The present 
invention is not to be limited in scope by the specific 
embodiments described which are intended as illustrations of 
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individual aspects of the invention, and functionally 
equivalent methods and components are within the scope of the 
invention, in addition to those shown and described herein 
will become apparent to those skilled in the art from the 
5 foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the 
appended claims. 



10 



15 



20 



25 



30 



35 
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WHAT 18 CIAZMED 18: 

1. A melanin polymer comprising monomeric units 
selected from the group consisting of 3-aminotyrosine, 3,4* 

5 dihydroxybenzoic acid, 3-amino, 4-hydroxyben2oic acid, aloin, 
emodin, alizarin, tyrosine, dihydroxyphenylalanine, 4,5- 
dihydroxynaphthalene-2 -sulfonic acid, 3-nitrotyrosine, 3- 
dimethylamino phenol and p-aminobenzoic acid, said melanin 
polymer characterized by being substantive to human s)cin and 
10 hair and being soluble in aqueous cosmetic buffers at 
physiological pH and temperature. 

2. The melanin polymer according to claim 1, 
further comprising a co*monomer which is an agent that 

15 enhances substantivity of the melanin polymer to human skin. 

3. The melanin polymer according to claim 2, 
wherein the co-monomer is an aromatic glycoside. 

20 4. The melanin polymer according to claim 2, 

wherein the co-monomer is a loin. 

5. The melanin polymer according to claim 2, 
wherein the co-monomer is emodin. 

25 

6. The melanin polymer according to claim 2, 
wherein the co-monomer is alizarin. 

7. The melanin polymer according to claim 2, 
30 wherein the co-monomer is a steroid. 

8. The melanin polymer according to claim 2, 
wherein the co-monomer is cholesterol. 

35 9. The melanin polymer according to claim 2, 

wherein the co-monomer is a carbazole alkaloid. 
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10. The melanin polymer according to claim 2, 
wherein the co-monomer is dihydroxycarbazole. 

11. The melanin polymer according to claim 2, 
5 wherein the co-monomer is a fatty acid. 

12. The melanin polymer according to claim 2, 
wherein the co-monomer is 9, lo-dihydroxystearic acid. 

*® 13- The melanin polymer according to claim 2, 

wherein the co-monomer is linoleic acid. 

14. The melanin polymer according to claim 2, 
wherein the co-monomer is linolenic acid. 

IS 

15. The melanin polymer according to claim 1, 
comprising monomeric units of tyrosine. 

16. The melanin polymer according to claim l, 
20 comprising monomeric units of dihydroxyphenylalanine. 

17. The melanin polymer according to claim 1, 
comprising monomeric units of 3 -amino-tyrosine. 

The melanin polymer according to claim 1, 
comprising monomeric units of 3-nitro-tyrosine. 

19. The melanin polymer according to claim 1, 
comprising monomeric units of dihydroxybenzoic acid. 

30 

20. The melanin polymer according to claim 1, 
comprising monomeric units of 3-amino-4-hydroxybenzoic acid, 

21. The melanin polymer according to claim 1, 
35 comprising monomeric units of 3-dimethylamino phenol. 
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22. The melanin polymer according to claim 1, 
comprising monomer ic units of p-aminobenzoic acid. 

23. The melanin polymer according to claim 1, 

5 comprising monomeric units of dihydroxynaphthalenesulf onic 
acid. 



24. The melanin polymer according to claim 1, 
comprising monomeric units of aloin. 

10 

25. A melanin polymer according to claim 1, 
comprising monomeric units of emodin. 

26. A melanin polymer according to claim 1, 
15 comprising monomeric units of alizarin. 

27. The melanin polymer according to claim 1, 
comprising monomeric units of an indole. 

20 28. A melanin polymer comprising monomeric units 

of dihydroxyindole-2-carboxylic acid co-polymerized with a 
co-monomer selected from the group consisting of aloin, 
emodin, and alizarin, said melanin polymer characterized by 
being substantive to human skin and hair and being soluble in 

25 ac[ueous cosmetic buffers at physiological pH and temperature. 

29. A melanin polymer comprising monomeric units 
of 5, 6-dihydroxyindole co-polymerized with a co-monomer 
selected from the group consisting of aloin, emodin, and 

30 alizarin, said melanin polymer characterized by being 
substantive to human skin and hair and being soluble in 
aqueous cosmetic buffers at physiological pH and temperature* 

30. A method of obtaining a melanin polymer which 
35 comprises polymerizing a monomeric material selected from the 

group consisting of 3-aminotyrosine, 3 , 4-dihydroxybenzoic 
acid, 3-amino, 4-hydroxybenzoic acid, aloin, emodin, alizarin, 
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tyrosine, dihydroxyphenylalanine, 4 , 5-dihydroxynaphthalene-2- 
sulfonic acid, 3 -nitr ©tyrosine, 3-diinethylainino phenol and p- 
aminobenzoic acid in aqueous solution by oxidation in the 
presence of air: 

5 (a) in the presence of a weak base; or 

(b) in the presence of a weak base and a salt 
of Cu** or Fe**; or 

(c) in the presence of a weak base, a salt of 
Cu** or Fe** and an oxidant; or 

(d) in the presence of a strong base; or 

(e) in the presence of a strong base and a 
salt of Cu** or Fe**; or 

(f) in the presence of a strong base, a salt 
of Cu** or Fe** and an oxidant; 

IS and thereafter adding to the resulting solution of formed 
melanin polymer a lower alkanol, thereby to precipitate the 
melanin polymer from said solution. 

31. The method according to claim 28, wherein the 
20 lower alkanol comprises ethanol. 

32. The method according to claim 30 further 
comprising mixing the monomeric material with a co-monomer 
selected from the group consisting of 9, 10-dihydroxystearic 

25 acid, cholesterol, dihydroxycarbazole, a loin, emodin, 
alizarin, linoleic acid and linolenic acid prior to 
polymerizing the material. 

33. A method of producing a naturally appearing 
30 tan to mammalian skin comprising applying to the skin a tan- 
producing effective amount of the melanin polymer according 
claim 1 in a cosmetic buffer. 



35 
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